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ABCTRACT 



A code division multiple access transmitter and receiver that 
makes it possible to reduce its size by designating a spread- 
ing code and a carrier frequency in a baseband. It includes 
a primary modulator for performing primary modulation by 
transmission information, thereby producing a primary 
modulated I signal and a primary modulated Q signal, a 
spreading code generator for generating a spreading code 
with a frequency higher than a rate of the transmission 
information, a secondary modulator for sfrcad-modulating 
the primary modulated I signal and Q signal by using the 
spreading code, thereby outputting spread I-channel data 
and spread Q-channd data, a frequency offset drcuit for 
offsetting the center frequency of the spread I-chaimcl data 
and Q-dianncl data by a designated offset frequency, thereby 
ou^tdng frequency offset data, and a transmitting circuit 
fcH- converting the frequency offset data into a transmitted 
signal. 



12 Claims, 9 Drawing Sheets 
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1 

CODE DIV ISION MULTIPLE ACCESS 
TRANSMITTER AND RECEIVER 

TECHNICAL FIELD 

The present inventioa relates to a transmitter and a 
receiver used in mobile communications based on a code 
division multiple access (CDMA) system. 

BACKGROUND ART 

The following tiirec systems arc typical access systems in 
mobile communications: 

(1) SCPOFDMA (Single Channel Per Carrier/Frequency 
Division Multiple Access) system 

(2) TDMA/FDMA (Time Division Multiple Access/ 
Frequency Division Multq)le Access) system. 

(3) CDMA system. 

In the SCPC/FDMA system, a user occupies a channel 
associated with a cairicr. In TDMA/FDMA system, a carrier 
is time-divided and each time slot is assigned to a user. In 
these systems, a base station communicates with a mobUe 
station through an assigned frequency, or an assigned fre- 
quency and time slot. 

On the other band, in the CDMA system, the output signal 
of primary modulation such as QPSK is converted into a 
wideband signal by secondary modulation using a spreading 
code, and is transmitted. Since many users share ^e same 
carrier, and individual users are identified by spreading 
codes, this system is referred to as a spread spectrum 
multiple access system. The CDMA system is further clas- 
sified into a direct sequence (DS) system and a frequency 
hopping (FH) system. The direct sequence system is char- 
acterized in that &e primary modulated ou^ut signal is 
spread by using a high rate spreading code. On the other 
hand, the frequency hopping system resolves one symbd 
into elements called ch^>s, and translates the individual 
chips into signals of dififcrent center frequencies at a high 
rate. Since &e FH system is difficult to implement in the 
state of the art, the DS system is usually used. 

At a spread spectrum RF receiving end, a received signal 
is demodulated in the order opposite to that at the transmit- 
ting end. Specifically, secondary demodulation which con- 
verts the wide-band received signal into a nairow-band 
signal by despeading using a spreading code is followed by 
primary demodulation whldi recovers source infcamation 
symbols by synchronous detection or delay detection. The 
despreading at the receiving end is carried out by detecting 
correlation between the received signal and the spreading 
code corresponding to the desired signal wave. Thus, the 
signal that has been spread by the spreading code is 
despread. 

In the DS system, each bit (symbol) of binary information 
is rejffesented by a code sequence consisting of so-caUed 
chips with an interval much shorts than the interval of the 
bit, and the number of cfa^ per symbol is called a process- 
ing gain. This Is because the bandwidth of the transmitted 
si^al is expanded by a factor of the processing gain. 
Denoting the processing gain as PG, 2^ FN (Pseudo-Noise) 
code sequences are generated, and they are the candidates of 
the spreading codes. Howev^, not all the FN codes can be 
used as the spreading code because of some correlations 
between them: Only a limited number of (he FN codes 
having smaU correlations can be used as the spreading 
codes. As a result, the actual edacity in terms of the number 
of users per carrier is reduced to a fraction of the processing 
gain. Thus, a plurality of carriers nmst be used in a CDMA 
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cell of a large capacily in terms of the number of subscribers. 
In other words, both the spreading code and tiie carrier 
frequency must be designated to transmit and receive a 
desired signal 

^ FIG. 1 is a block diagram showing a conventional 
• transmitter, in which both a spreading code and a carrier 
must be designated. In this figure, a transmitted information 
signal applied to an input terminal 11 is BPSK, QPSK, or 
OMSK (Gaussian filtered Minimum Shift Keying) modu- 
li lated by a primary modulator 12, and then supplied to a 
secondary modulator 13 as an I-channel signal and a 
Q-channel signal (in the BPSK, the in*phase signal I and the 
quadrature signal Q are the same). On the other hand, a 
spreading code generator 14 generates the sfs-eading code 

^ associated with a desired received signal, and supplies it to 
the secondary modulator 13. The spreading code generator 
14 has a memory circuit for storing spreading codes, and a 
function for selectively reading thenL The secondary modu- 
lator 13 multiplies the spreading code with the I-channd 

^ signal and die Q-channel signal in the form of a corrq)lcx 
number, thereby carrying out the secondary modulation. 

The I-channel data and Q-chaimel data with the band- 
width expanded by the secondary modulation are converted 
into analog signals by VIA converters 15 and 16, respec- 

^ tively. The X-channel analog signal and die Q-channel analog 
signal outputted from die D/A converters 15 and 16 are 
supplied to a quadrature modulator 17 that quadrature- 
modulates an IF (intermediate frequency) carrier. The 
quaxlrature-modulaled output is supplied to a frequency 

^ converter 19 through a bandpass filter 18. The frequency 
converter 19 converts an RF (radio frequency) signal fed 
from a frequency synthesizer 21 to an RF modulated signal 
by multiplying the RF signal with the quadrature-modulated 
IF signal, and supplies the modulated signal to a banc^ass 

^ filer 22. The bandpass filter 22 limits the passband of the 
modulated signal, and supplies it to a power an^^lificr 23. 
The power amplifier 23 power-amplifies the RF modulated 
signal, and transmits it through an antenna. 

^ FIG. 2 is a block diagram showing a conventional receiver 
corresponding to the transmitter. A received signal ^lied to 
an input terminal 31 is suppHcd to a frequency converter 33 
through a ban<^as$ filtw 32. The frequency converter 33 
frequency-converts the received signal into an IF signal 

^ using the local signal from a frequency synthesizer 34. The 
IF signal is supplied to a quadrature detector 37 after its 
bandwiddi is limited by a band|>ass filter 35 and its level is 
made nearly constant by an AGC circuit 36. The quadrature 
detector 37 quadrature-detects the IF signal, and outputs a 

^ baseband I-channd signal and a baseband Q^hannd signal. 
The I-channd signal and Q-cfaannel signal are converted 
into digital signals by A/D converters 38 and 39, and then 
sillied to a corrdation detector 41. 
The correlation detector 41 despreads the digital signals 

55 into narrow band signals, and supplies them to a d^nodu- 
lator 42. The demodulator 42 primary-demodulates the 
narrow band signals using synchronous detection or delay 
detection, thereby recovering the source transmission infor- 

. matioiL Although passive devices such as a surface acoustic 

60 wave convolver might be en^loyed as the correlation detec- 
tor 41, matched filters or a sliding correlator is practically 
employed considering downsizing, or code multiple. They 
carry out the digital signal processing in the baseband 
region. 

65 The foregoing conventional transmitter generates a des- 
ignated spreading code with the spreading code generator 
14, and the recdver despreads the spread ^ectrum signal 
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with the coirelation detector 41 by using the designated 
spreading code. In addition, the frequency of tiie output 
signal is selected by the frequency synthesizers 21 and 34. 

Thus, in the conventional CDMA transmitter and receiver, 
both the spreading code and fte carrier frequency must be 
designated simultaneously. In this case, designation of a 
spreading code can be addeved in a time sharing fashion by 
storing tiie spreading codes in a memory because it is 
performed by a digital signal processing circuit in a base- 
band. Since nojemories are maintenance free and appropriate 
for downsizing, they arc preferably appEed to RF systems 
that demand these features. On the other hand, since (he 
designation of tfic carrier is performed by the frequency 
synthesizer in the RF band, it is diflacult to realize mainte- 
nance free and downsizing. For example, although the 
processing gain of 256 requires only a few earners at most 
considering the capacity in terms of tiie number of subscrib- 
ers per cell, a synthesizer for switching the carriers, or the 
same number of local oscillators as the number of carriers 
must be provided, and this will prevent downsizing. 

DISCLOSURE OF TOE INVBNTION 

Therefore, an object of the i^esent invention is to provide 
a CDMA transmitter and receiver that can implement a 
downsized and maintenance free device. 

Another object of the present invention is to provide a 
CDMA transmitter and receiver that can designate both the 
spreading code and earner by a digital signal in a baseband 
region. 

In a first aspect of the present invention, there is provided 
a code division multiple access transmitter con[4>rising: 

a primary modulator for cairyiDg out primary modulation 
of transmission inf OTmation, thereby generating a pri- 
mary modulated I (In^hasc) signal and a primary 35 
modulated Q (Quadrature) signal; 

spreading code generating means for generating a spread- 
ing code which concsponds to a diannel, and has a 
frequency higher than a rate of the transmission infor- 
mation; 

a secondary modulator for performing spread modulation 
of the primary modulated I signal and the primary 
modulated Q signal using the spreading code, thereby 
ou^utting spread I-channel data and spread Q-channd 
data; 

a frequency offset circuit for offsetting a center frequency 
of the spread I-channel data and of the spread Q 
channel date by a designated offset frequency, thereby 
ou^utting frequency offset data; and 

a transmitting circuit for converting the frequency ofifeet 
data into a transmitted signaL 

The frequency offset circuit may comprise: 

a first signal generator for generating a cosine wave of a 
frequency corresponding to the designated offset fre- 
quency; 

a second signal generator for generating a sine wave of the 
frequency corresponding to the designated offset fre- 
quency; 

a first multiplier for multiplying the spread I-channel data ^ 

by the cosine wave; 
a second multiplier for multiplyiag the spread Q-channel 

data by the sine wave; and 
a first adder for sununing an output of the first multiplier 

and an ou^ut of the second nmltiplier. 
The transmitting circuit may comprise a D/A converter for 
converting &c frequency offset data into an analog signal, 
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and a frequency converter for converting the analog signal 
into the transmitted signal 
The frequency offset circuit may con^mse: 
a first signal generator for generating a cosine wave of a 
frequency corresponding to the designated offset fre- 
quency; 

a second signal generator for generating a sine wave of the 
frequency corresponding to the designated offset fre- 
quency; 

a first nuiltiplia' for multiplying the spread I-channel data 

by the cosine wave; 
a second multiplier for multiplying the spread Q-channd 

data by the sine wave; 
a third multiplier for multiplying the spread I-channel data 

by the sine wave; 
a fourth multiplier for multq>lying the spread Q-channd 

signal by the cosine wave; 
a first adder for adding an output of the first multiplier and 

an output of the second multiplier; and 
a second adder for adding an output of the third multiplier 

and an output of the fourth nmltlplier, 
thereby carrying out a complex multiplication of the 
spread 1-channd data and the Q-channd data with the 
cosine wave and the sine wave, and ou^utting fre- 
quency offset I-chaimel data and frequency offset 
Q-diannel data. 
The frequency offset circuit may oonqmse: 
a first memory circuit for storing a product of the ^ead 
I-channd data and a cosine wave of a frequency 
corresponding to the designated offset frequency; 
a second memory circuit for stcdng a product of the 
spread Q-channd data and a sine wave of the frequency 
corresponding to the designated offset frequency; 
a third memory circuit for storing a product of the spread 

I-chanod data and the sine wave; 
a fourth meroory circuit for storing a product of the spread 

Q-channel data and the cosine wave; 
a first adder for adding data read from the first memoy 
circuit and data read from die second memory circuit; 
and 

a second adder for adding data read from the third 
memory circuit and data read from the fourth memory 
drctut; 

thereby carrying out a complex multiplication of the 
spread I-channd data and the Q-chaimd data with the 
cosine wave and the sine wave, and ou^utting fre- 
quency offset I-channel data and frequency offset 
Q-channd data. 
The frequency offset circuit may com|xrise: 
a first memory circuit for storing a sum of a product of the 
spread I-diannel data and a cosine wave of a frequency 
corresponding to the designated offset frequency, and a 
product of the spread Q-channd data and a sine wave 
of the frequency corresponding to the designated offset 
frequency; and 
a second memory circuit for storing a sum of a product of 
the spread I-channd data and the sine wave, and a 
product ctf the spread Q-channel data and the cosine 
wave, 

thereby carrying out a conqilcx multiplication of the 
spread I-chaimd data and the Q-chaimd data with the 
cosine wave and the sine wave, and outputting fre- 
quency offset I-channel data and frequency offset 
Q-channd data. 
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The transmitto' circuit may compdse D/A converters for 
coDVCitiiig the frequency ofiTsa I-channel data and the 
frequency offset Q-channel data into analog signals, a 
quadrature modulator for quadrature^modulating a carder by 
an analog I-diannel signal and an analog Q-channcl signal 
ou^utted from the D/A converters, and a frequency con- 
verter for converting an ou^t signal of the quadrature 
modulator into the transmitted signal. 

In a second aspect of the present invention, there is 
provided a code division multiple access receiver conq)ris- 
ing: 

a first frequency converter for frequency-converting a 
received signal into an IF (Intermediate Frequency) 
signal; 

a quadrature detector for converting the IF signal into an 
I-channel baseband signal and a Q-channel basetmd 
signal; 

AJD converters for converting the I-channel baseband 
signal and the Q-channel baseband signal into digital 
signals; 

a second frequency converter for converting an I-channel 
digital signal and a Q-cbannd digital signal ou^utted 
from the A/D converters into signals with a zero center 
frequency using a local signal of a designated offset 
frequency, a center frequency of the I-channcl digital 
signal and of the Q-channel digital signal ou^utted 
from the A/D converters being offset; 

a correlation detector for correlation-detecting output 
signals of the second frequency converter; and 

a demodulator for demodulating ou^t signals of the 
correlation detector. 

The second frequency converter may con^se: 

a first signal gencratxxr for generating a cosine wave of the 
designated offset frequency; 

a second signal generator for generating a sine wave of the 
designated offset frequency; 

a first multiplier for multiplying the cosine wave with the 
I-channel baseband signal converted into the digital 
signal; and 

a second multiplier for multiplying the sine wave with the 
Q-channel baseband signal converted into the digital 
signal. 

The second frequency converter may comprise lowpass 
filters for low-passing ou^uts of the first multiplier and the 
second multiplier. 

The second frequency converter may comprise an auto- 
matic frequency control circuit connected to outputs of the 
first multiplier and the second multiplier. 
The second firequency converter may comprise: 
a low-suppress filter for suppressing low-firequcncy com- 
ponents of outputs of the quadrature detector; 

sampling means for sampling outputs of the low-suppress 
filter at a clock frequency corresponding to a desig- 
nated offset frequency; and 
a lowpass filter that low-passes outputs of the san^ling 
means. 

In a third aspect of the present invention, there is provided 
a code division multiple access system indudlng a code 
division multiple access transmitter and a code division 
multiple access receiver, 
the code division multiple access transmitter con^trising: 
a primary modulator for carrying out primary modula- 
tion of transmission infonnation, thtereby generating 
a primary modulated I (In-phase) signal and a pri- 
mary modulated Q (Quadratore) signal; 
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Spreading code generating means for generating a 
spreading code which cooesponds to a chaimel, and 
has a frequency higher than a rate of the transmission 
information; 

a secondary modulator for performing spread modula- 
tion of the primary modulated I signal and (he 
primary modulated Q signal using the spreading 
code, thereby outputting spread I-dianncI data and 
spread Q-charmd data; 

a frequency offset circuit for offsetting a center fre- 
quency of the spread I-channel data and of the spread 
Q channel data by a designated offset frequency, 
therd)y outputting frequency offset data; and 

a transmitting drcuit for converting the frequency 
offset data into a transmitted signal, 
die code division multiple access receiver conqirising: 

a first frequency converter for frcquency-convcating a 
received signal into an IF (Intermediate frequency) 
signal; 

a quadrature detector for converting the IF signal into 
an I-channel baseband signal and a Q-channd base- 
band signal; 

A/D converters for converting the I-cfaannel baseband 
signal and the Q-channd baseband signal into digital 
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a second frequency converter for converting an 
I-channel distal signal and a Q-channd digital sig- 
nal outputted from the A/D converters into signals 
with a zero center frequency using a local signal of 
a designated offset frequency, a center frequency of 
the I-cfaannd digital signal and of the Q-channd 
digital signal outputted from the A/D converters 
t)eing offset; 

a ooirdation detector for correlation-detecting output 
signals of the second frequency converter; and 

a denK)dulator for demodulating output signals of the 
correlation detector. 
According to the transmitter in accordance with the 
present invention, designation of the carrier is achieved by 
designating the offset firequency of the frequency offset 
circuit The recdver carries out the designated frequency 
conversion of the baseband signal in accordance with the 
offset frequency at the transmitter. Ttm makes it possible to 
achieve the designation of both carrier and spreading code in 
the baseband using digital signals, thereby obviating a 
frequency synthesizer or a plurality of fixed frequency 
osdllatcrs, and implementing down^zed and maintenance 
free CDMA transmitter and receiver. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a conventional CDMA 
transmitter; 

FIG. 2 is a block diagram showing a conventional CDMA 
receiver, 

FIG. 3 is a block diagram showing an embodiment of a 
CDMA transmitter in accordance with the present invention; 

FIG. 4 is a block diagram showing an example of a 
frequency offset drcuit 45 in FIG. 3; 

FIG. 5 is a block diagram showing a major portion of 
another embodiment of a CDMA transmitter in accordance 
with the present invention; 

FIG. 6 is a blodc diagram showing an embodiment of a 
CDMA recdver in accordance with the present invoition; 

FIG. 7 is a block diagram showing an example of a 
frequency converter 65 in FIG. 6; 

FIG. 8 is a block diagram showing another example of the 
frequency converter 65 in FIG. 6; and 
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FIG. 9 is a diagram diowing frequency characteristics by prestaring the results of the multiplicatioas of the 
iUustrating the operation of the frequency converter 65 when I-channel data and Q-channel data with the offset 
it is conroosed of a frequency converting filter. frequencies, and by reading corresponding wavcfams. Suc^ 

an arrangement can be ix[q}lemented because the number of 
BEST MODE FOR CARRYING OUT THE 5 the spread I-channel data and spread Q-channd data are 

INVENTION limited, for exan^de, to fourxthe number of spreading codes, 

in the case of QPSK. 

EMBODIMENT 1 Furthermore, even the adders 54 and 55 can also be 

, „ ^ . L J- * * incorporated into a ROM by piestoring the trcquency shifted 

HG. 3 is a block diagram showing an embodiment of a ^ ^^^^ quadrature components coiresponding to the 
transmitter in accordance wiA the present invention The ^^n^i^atio^s sp^ad I-diannel data and spread 

transmitto: diff^s from the conventional transmitter shown q^j^^^^^j ^ offset frequencies, 

in FIG. 1 in the following: fi^uency offset I-channel and Q-channel data out- 

(1) A frequency offset circuit 45 is inserted between the putted from the frequency offset circuit 45 are converted into 
secondary modulator 13 and the D/A converters 15 and analog signals by the D/A converters 15 and 16 as in the 
16. conventional system, and are supplied to the quadrature 

(2) A fixed frequency oscillator 56 is connected to the modulator 17 throu^ lowpass filters. 

frequency converter 19 instead of the frequency syn- The quadrature modulates 17 quadrature-modulates an IF 
thesizer 21. earner cos27rf^-t by the analog signals. The quadratur©- 

(3) The bandwidth of the bandpass filters 18 and 22 is set 20 modulated ou^ut cos{(t>„+2tc(f,±Afi)t} is converted into a 
at least the convaitional bandwidth multipHed by die transmission frequeacy by the frequency converter 19 using 
number of carriers. an RF signal fed from the fixed frequency oscillator 56, and 

The frequency offset circuit 45 shifts the center frequency is transmitted as a signal cos{<t>„+27c(f^^t}. In this case, 
of toe spread I-channel data and spread Q-channel data the centCT frequency of a carrier i is f,^,. In other words, 
outputtcd from the secondary modulator 13 by a designated 25 the frequency of the cairia- i is offset from the frequency of 
offset frequency. An example of the frequency offset circuit the RF signal by ±Afi. 

is shownin HG. 4. designating the offset frequency corresponding to 

In FIG 4, the spread I-channel data cos(t>„ and the spread tiie carrier frequency to the frequency offset circuit 45 makes 
Q-chanoel data sin<t>„ arc supplied to multipUcrs 50 and 52, it possible to frequency-offset the baseband signal by th^ 
and 51 and 53, through input terminus 481 and 48Q of the 30 offsetfrequency.Asaresult,thefrequcncy of the transmitted 
frequency offset circuit 45, respectively. These channel data signal can be set at the designated carrier frequency, 
undergo a con^lex multipUcation, in the multipliers 5(K-53, The system in FIG. 4 can set the offset frequency both m 
with in-phase and quadrature offset frequency signals out- positive and negative directions because it performs a com- 
putted from signal generators 46 and 47. plex multipUcation. Fot exanq)lc, when the channels 1-8 are 

More specifically, the signal generator 46 generates a 35 each frequency-offset successively by Af, the frequency 
cosine signal cos(+27cAfi-t) of a designated offset frequency range of the channels 1-8 is from -4Af to +4Af by setting the 
Af„ and suppUes it to the multipUers 50 and 53. On the oflier zero frequency at the center between the channels 4 and 5. 
hand, the signal generator 47 generates a sine signal sin In contrast, since the offset frequency must be set in either 
(±27cAf ..t) of die designated offeet frequency Af,-, and sup- the positive or negative direction in the case of a real numbw 
pUcsittothemultipUers51and52.Asaresult,themultipHer 40 multiplication, the frequency range of the channels 1-8 
50 ou^uts cos4)„cos(i27iAff.t), and tiic multiplia- 51 ojitpm becomes O^Af, Since the clock frequency of the signal 
sin6 sin(±27cAf^t). The ou^uts are summed by an adder 54 processing in the baseband region is dctammed by the 
whidi outputs the frequency shifted spread I channel dato absolute value of the frequency range, die dock frequency 
cos(* ±27cAf< t). Likewise, the multipUer 52 outputs associated with the conq)lex number multiplication can be 
cos<t)„sin(i27iAf,-t), and the multiplier 53 outputs sin<t>„cos 45 reduce to ^ as cornpared witii that associated with die real 
(±27tAf-t). The ou^uts are summed by an adder 55 which number multiplication. 

ai^uts* the frequency shifted spread Q channel data sin The designated carriers are selected such that no side- 
(A +2nAf -t). Thus, the spread channel data which are fre- bands overlap with each otiica:. la otho" words, the frequency 
quency offset in the baseband region arc generated by the interval of the designated carriers is made greater than the 
complex multipUcation of the spread I channel data and die 50 expanded bandwidth by tiie code spreading. In addition, die 
spread Q diannel data with die in-phase and quadrature passbands of die bandpass aters 18 and 22 are selected such 
offset frequency signals. that tti^ can pass die earners and tiicfr sidebands. For 

The conq)lex multipUcation correspond to a multipUca- example, whoj the number of die camen are three, die 
tion of the I-channd data and Q-channd data represented by passbands of the bandpass filths 18 and 22 of the present 
one complex number widi die offeet frequency signals 55 embodimeDt are set at least diree times wider dian tiiose of 
represented by anotiier complex number. In this case, it die conventional bandpass filtcTS. 
should be noted that the sign of the offset frequency Af, can EMBODIMENT 2 

be inverted by switdung sin(27cAf, t) widi sin(-2nAfct). u 1 

The signal gener^ 46 and 47 can be composed of a Although die spread I-diamid data and Q^^d 
ROM storing cosine waves and sine waves. Having stored eo data undago a con^lcx mult^hcation widi &e frequency 
cokine sign^ and sine signals of offset frcqucndes Af, offset signals in the first embodiment, an embodu^nt is not 
corresponding to respective designatable carriers, and read- restricted to this. For exaij^le these data can be frequency 
ing a ^ of a cosine^gnal andTsine signal corresponding offset by real number imdttphcadons m die baseband, 
to a designated carrier makes it possible to reduce die size FIG. 5 is a block diagram showing a major portion of a 
of die system ^5 transmitter widi sudi a function- Signal gencraKffs 46 and 47 

In addition, die function of die signal generators 46 an 47 generate cos(2iiAf i t) and sin(2JcAf .-t). which arc suppUed to 
and die multipUers 50hS3 can be incorporated into a ROM die multipUers 50 and 51, respertivdy. The multipUers SO 
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and 51 mQltq)ly these signals witb the spread I-channel data 
and the spread Q-cfaannel data, respectively, and supply &e 
outputs to an adder 57. The adder 51 sums up the supplied 
signals and outputs the frequency o£fset signal. The ou^ut of 
the addCT 57 is converted into an analog signal by a D/A 
converter 58, and the analog signal is supplied to a fre- 
quency convcrta: 59 through a lowpass filter. The frequency 
converter 59 converts the analog signal into an IF signal 
using a signal cos2nf^*t from an oscillator 61. 

Id the present embodiment} the offset frequencies cannot 
range from the positive to negative domains as in the first 
embodiment 

EMBODIMENT 3 

FIG. 6 is a block diagram showing an embodiment of a 
receiver in accordance with the present invention. The 
receiver of FIG. 6 differs from that of FIG. 2 in the 
following: 

(1) A fixed frequency oscillator 64 is provided instead of 
the frequency synthesizer 34 connected to the fre- 
quency converter 33. The frequency converter 33 con- 
verts the received signal into an IF signal by using a 
local oscillation signal from the fixed fr^uency oscil- 
lator 64. 

(2) The bandwidths of the bandpass filters 32 and 35 are 
set as at least the conventional bandwidths multiplied 
by the number of the carders. 

(3) A frequency converter 65 is inserted between the A/D 
converters ^ and 39, and the correlation detector 41. 

The frequoicy converter 65 converts the frequency-offset 
baseband signal into a signal whose center frequency is zero. 
More specifically, the IF signal outputted from the frequency 
converter 33 is converted into baseband I-channd and Q 
channel signals by the quadrature detector 37. In this 
specification, the baseband signal ref as to a signal including 
no canier signal component Specifrcally, the signals after 
primary modulation and afrcr spreading are called a base- 
band signal at the transmitter end, and the signals after 
quadrature detection and before dcspreading, and after 
despreading are called a baseband signal at the receiver end. 
The A/D converters 38 and 39 convert the signals into digital 
data, the center frequencies of whidi are offset by amounts 
corresponding to ftc offset frequencies at the transmitter 
end. The frequency converter 65 converts &e baseband 
signal into a signal with the center frequency of zero, and the 
offset frequency can be designated by a value corresponding 
to each canier signal. The I-cfaazinel baseband signal and the 
Q-channel baseband signal with the cent^ frequency of zero 
ou^utted from the frequency converter 65 are converted 
into a narrow band signal by the correlation detector 41, 
followed by the demodulation by the demodulator 42. 

FIG. 7 is a block diagram showii^ an example of the 
frequency converter 65 together with the neighboring cir- 
cuits. The I-channel baseband signal and the Q-channel 
baseband signal outputted from the quadrature detector 37 
are passed through lowpass filters 66 and 67, thereby pro- 
ducing signals cos((t3|^]iAf{-t) and sin(4»^nAf|-t). In other 
words, signals with tiieir frequencies offset by ±27[Afrt are 
obtained. These signals are converted into digital data by tiie 
A/D converters 38 and 39, and are supplied to multipliers 68 
and 69, to which local signals with a frequency correspond- 
ing to that of the designated carrier are supplied from signal 
generators 71 and 72. That is, a cosine local signal oos 
(±ZitA£ft) is supphed from the signal generator 71 to the 
multiplier 68, and a sine local signal sin(±27iAf^t) is suppHed 
from (he signal generator 72 to the multiplier 69. The stgnal 



18,623 

10 

generators 71 and 72 are the same as the signal generators 
46 and 47 in FIG. 4. 

The I<hannel data cos^„ and the Q-channd data sin(t>„ 
with the zero center frequency ou^utted from the multipU- 

5 ers 68 and 69 will include a frequency ezrcr and a fixed 
phase error. This is because the quadrature detector 37 
carries out quasi-synchronous quadrature detection. The 
frequency cuor and the fixed phase error are supplied to a 
digital AFC (Automatic frequency Control) circuit 75 
through lowpass filters 73 and 74, and are absorbed by the 
AFC circuit 75. The ou^ut of the AFC drcuit 75 is fed to 
the CGnelation detector 41 of FIG. 6 so that the transmitted 
source information is recovered through the same process- 
ings as in the conventional system. 

^ J The frequency converter 65 is not restricted to tiie circuit 
as shown in FIG. 7. For example, a frequency conversion 
filter may be used which is proposed in The Journal of the 
Institute of Electronics, Information and Communication 
E ngines gf ^apy^^^ ^ J77-B-n N Q.^5_pp._235rr236. 

treqiiency^crfnvM^^lb^^ 

^fil tcaStf rTlie"frequc n ^ convcrsion_ filter 80 has tiirce stages. 
" Th'e^nfst'^s tg|ej a '!fil!a: 81, is~l~low^suppress~filter> that 
s'uppresses lowfrequency bandlrfthc 6ui^t~of thequadra- 
^ ture detector 37, thereby eliminating noise components^ 
the low frequency band. ^^^^^W^l^^iW(Kyjif^ 
Fi©^9j -com$Monen^lW 

^MiMtodj^tM^gn^^'gro :XXdX6> 
andlheir accompanying sidelmd waves which are spread 
by code spreading con^nents. Ttic'second ^stag^ filtCT 82^ 
Isra^filtex^^tfaam^^lesd^etpoeiv 
j;io^3^fifc^uencyi For example, 

sigaal~grbup X1-X6 in (A) of^G. 9, ttie"filtCT~82 san:^)les 
the output of the l ow-suppre ss filter 81 at the center fre- 
35 ^l ^^'y T fiiS ^U^E^v^ ^tSe^p[a^X 3 ^to^ 
ccntcr^ircquafcy^is^zcitf'g^j^^ 
ig(B) ^'FIG ?^9^^gg^^^^SlijE^83^^ 
^tfaat^pa i5scs^only ^tfie£ConqK«cnt'wh^ 
zercf^i^ipa r^uiyShly^tKe^i^a"^ ^ Mttj^ 

ciSSuSd'Signal isjextradted b^ selecting a sampling ^equency 
in^aocor^cewith a designated carrier. 
What is claimed is: 

1. A code division multiple access transmitter conqtrising: 
a primary modulator for carrying out primary modulation 
of transmission infcmiation, thereby generating a pri- 
mary modulated I (In-phase) signal and a primary 
modulated Q (Quadrature) signal; 
spreading code generating means for generating a spread- 
5Q ing code which ccaresponds to a channel, and has a 
frequency higher than a rate of said transmission infor- 
mation; 

a secondary modulator for p^orming spread modulation 
of said primary modulated I signal and said primary 
53 modulated Q signal using said spreading code, thereby 
outputting spread T- channe l data and spread Q-channel 
data; 

a frequency offset circuit for offsetting a center frequency 
of said spread I^faannel data and of said spread Q 
60 diannel data by a designated offset frequency, thereby 
ou^utting frequency offset data; and 
a transmitting circuit for converting said frequency offset 
data into a transmitted signal, wherein said frequency 
offset circoit comprises: 
65 a first signal generator for generating a cosine wave of 
a frequency corresponding to said designated offset 
fr^uency; 
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a second signal generator for genexating a sine wave of 
the frequency corresponding to said designated off- 
set frequency; 
a first nmlt4)Ker for multiptying said spread I-channel 

data by said cosine wave; 
a second multiplier for multiplying said spread 

Q-channcI data by said sine wave; 
a first adder for summing an output of said first mul- 
tiplier and an ou^ut of said second multiplier. 
2. A code division multiple access transmitter comprising: 
a primary modulator for carrying out primary modulation 
of transmission inf oimalion, thereby generating a pri- 
mary modulated I (In-phase) signal and a primary 
modulated Q (Quadrature) signal; 
spreading code generating means for generating a spread- 
ing code which corresponds to a channel, and has a 
frequency higher than a rate of said transmission infor- 
mation; 

a secondary modulator for performing spread modulation 
of said primary modulated I signal and said primary 
modulated Q signal using said spreading code, thereby 
ou^utting spread I-channel data and spread Q-channel 
data; 

a frequency offset circuit for offsetting a center firequency 
of said spread I-channd data and of said spread Q 
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a first signal generator for generating a cosine wave of 
a frequency corresponding to said designated offset 
frequency; 

a second signal generator for generating a sine wave of 
the frequency coucsponding to said designated off- 
set frequency; 
a first mjultq)licr for multiplying said spread I-channel 

data by said cosine wave; 
a second multiplier for multiplying said spread 

Q-cbannel data by said sine wave; 
a third multiplier for multiplying said spread T-diannei 

data by said sine wave; 
a fourth multiplier for multiplying said spread 

Q-channel signal by said cosine wave; 
a first adder for adding an output of said first mult^lier 

and an ou^t of said second multiplier; and 
a second adder fcs adding an ou^ut of said third 

multiplier and an output of said fourth multiplier, 
thereby carrying out a complex multiplication of said 
spread I-channd data and said Q-channel data with 
said cosine wave and said sine wave, and outputting 
frequency offset I-channel data and frequency offeet 
Q^^nnd data. 
' The code division multiple access transmitter as 
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outputting frequency offset data; and 
a transmitting circuit for converting said frequency offset 
data into a transmitted signal, wherein said frequency 
offset circuit con^irises: 

a first signal generator for generatmg a cosine wave Gi 30 
a frequency corresponding to said designated offset 
frequency; 

a second signal generator for generating a sine wave of 
the frequency corresponding to said designated off- 
set frequency; 

a first multiplier for multiplying said spread I-channel 
data by said cosine wave; 

a second multiplier for multiplying said spread 
Q-channd data by said sine wave; 

a first adder for summing an output of said first mul- 
tiplier and an output of said second multiplier, 
wherein said transmitting drcuit conqaises a D/A 
converter for converting said frequency offset data 
into an analog signal, and a frequency converter for 
converting said analog signal into the transmitted 
signaL 

3. A code division multiple access transmitter comprising: 
a primary modulator for carrying out primary modulation 
of transmission information, thereby generating a pri- 
mary modulated I (In-phase) signal and a primary 
modulated Q (Quadrature) signal; 
spreading code generating means for generating a spread- 
ing code which corresponds to a channel, and has a 
frequency higjicr than a rate of said transmission infor- 
mation; 

a secondary modulator for perfomnng spread modulation 
of said primary modulated I signal and said primary 
modulated Q signal using said spreading code, thereby 
outputting spread I-channd data and spread Q-channd 
data; 

a frcquKicy offset circuit for offsetting a center frequency 
of said spread I-<iiannd data and of said spread Q 
channd data by a designated offset frequency, thereby 
outputting frequency offset data; and 

a transmitting circuit for convoting said frequency offset 65 
data into a transmitted signal, wherdn said frequency 
offset circuit comprises: 
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coit^rises: 

a first memory cdraiit for stcning a product of said spread 
I-^hannel data and a cosine wave of a frequency 
corresponding to said designated offset frequency; 
a second mcmcay circuit fa- storing a product of said 
spread Q-channd data and a sine wave of the frequency 
corresponding to said designated offset frequMicy; 
a third memory circuit for storing a product of said spread 

I-channd data and said sine wave; 
a fourth memory circuit for storing a product of said 

spread Q-channel data and said cosine wave; 
a first adder for adding data read from said first memory 
circuit and data read from said second memory circuit; 
and 

a second adder for adding data read fixmi said third 
memory circuit and data read fixam said fourth memory 
circuit; 

dicrcby canying out a complex multiplication of said 
spread I-channel data and said Q-channel data with said 
cosine wave and said sine wave, and outputting fre- 
quency offset I-channd data and frequency offset 
Q-channcl data. 
5. The code division multiple access transmitter as 
claimed in daim 1, wherein said frequency offset circuit 
comprises: 

a first memory drcuit for staring a sum of a product of 
said spread I-diannel data and a cosine wave of a 
frequency corresponding to said designated offset 
frequency, and a product of said spread Q-channd data 
and a sine wave of the frequency corresponding to said 
designated offset frequency; and 
a second monory circuit f cr storing a sum of a product of 
said spread I-channel data and said sine wave, and a 
product of said spread Q-channd data and said cosine 
wave, 

thereby canying out a complex multqilication of said 
spread I-channd data and said Q-channel data with said 
cosine wave and said sine wave, and outputting fre- 
quency offset I-channel data and frequency offset 
Q-channd data. 



02/05/2004, EAST Version: 1.4.1 



5,748,623 



13 



14 



6. A code division multiple access transmitter comprising: 
a primary modulator for cairying out primary modulatioD 

of transmission infcamation, thereby generating a pri- 
mary modulated I (In-phase) signal and a primary 
modulated Q (Quadrature) signal; 
sjH-eading code generating means for generating a spread- 
ing code which corresponds to a diannd, and has a 
frequency higher tiian a rate of said transmission infor- 
mation; 

a seoondaiy modulator for performing spiread modulation 
of said primary modulated I signal and said primary 
modulated Q signal using said spreading code, thereby 
outputting spread I-channel data and spread Q-channel 
data; 

a frequency offset circuit for offsetting a center frequency 
of said spread I-channel data and of said spread Q 
channel data by a designated offset frequency, thereby 
outputting frequency offs^ data; and 

a transmitting circuit for converting said frequency offset 
data into a transmitted signal, wherein said fr^uency 
offset circuit comprises: 

a first signal generator for generating a cosine wave of 
a frequency corresponding to said designated offset 
frequency; 

a second signal generator for generating a sine wave of 
die frequency concsponding to said designated off- 
set frequency; 

a first muMplicx for multiplying said spread I-<hannel 
data by said cosine wave; 

a second multiplier for multiplying said spread 
Q-channel data by said sine wave; 

a third multiplier for multiplyiiig said spread T-channd 
data by said sine wave; 

a fourth multiplier for multiplying said spread 
Q-channd signal by said cosine wave; 

a first adder for adding an output of said first multiplier 
and an output of said second multiplier; and 

a second adder for adding an output of said third 
multiplier and an output of said fourth mdt^lier, 

thereby cairying out a complex multiplication of said 
spread I-diannel data and said Q-channel data with 
said cosine wave and said sine wave, and outputting 
frequency offset I-channel data and frequency offset 
Q-channel data, wherein said transmitter circuit 
comprises D/A converters for converting said fre- 
quency offset I-channel data and said frequency 
offset Q-channel data into analog signals, a quadra- 
ture modulator for quadrature-modulating a carrier 
by an analog I-channel signal and an analog 
Q-channel signal outputted ftom said D/A 
converters, and a frequency converter for converting 
an output signal of said quadrature modulatGr into 
the transmitted signal 

7. A code division multq)le access receiver comprising: 
a first frequency converter for frequency-converting a 

received signal into an IF (Intermediate Frequency) 
signal; 

a quadrature detector for converting said IF signal into an 
- I-<diannel baseband signal and a Q-cfaannel baseband 
signal; 

A/D converters for converting said I-channel baseband 
signal and said Q-channd baseband signal into digital 
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a second frequency converter for converting an I-channel 65 
digital signal and a Q-channd digital signal ou^utted 
from said A/D converters into signals with a zero center 



frequency using a local signal of a designated offset 
frequency, a center frequency of said I-channel digital 
signal and of said Q-channd digital signal ou^utted 
from said A/D converters being offset; 

a coirdation detector for correlation-detecting output 
signals of said second frequency converter; and 

a d^odulator for demodulating ou^ut signals of said 
correlation detector. 

8. The code division multiple access recdvcr as claimed 
in claim 7, M^erein said second frequency converts com- 
prises: 

a first signal generator for generating a cosine wave 
said designated offset frequency; 

a second signal generator for generating a sine wave of 
said designated offset frequency; 

a first multiplLer for multiplying said cosine wave with 
said I-channel baseband signal converted into the digi- 
tal signal; and 

a second multiplier for multiplying said sine wave with 
said Q-channd baseband signal converted into the 
digital signal 

9. The code division multiple access receiver as claimed 
in claim 8, wherein said second frequency converter com- 
prises lowpass filters for low-passing outputs of said first 
mult^Hcr and said second nQultq>lier. 

10. The code division multiple access receiver as claimed 
in daim 8, wherein said second frequency converter com-, 
prises an automatic frequency control circuit connected to 
ou^uts of said first multiplier and said second multiplier: 

U. The code division multiple access receiver as claimed 
in daim 7, wherein said second frequency converter com- 
prises: 

a low-suppress filter for suppressing low-firequency com- 
ponents of ou^uts of said quadrature detector; 

sampling means for sampling outputs of said low- 
suppress filter at a clock firequency corresponding to a 
designated offset frequency; and 

a lowpass filter that low-passes outputs of said sanqding 
means. 

12. A code division multiple access system induding a 
code division multiple access transmitter and a code division 
multiple access receiver, 

said code division multiple access transmitter comprising: 

a primary modulator for carrying out primary modula- 
tion of transmission infonnation, thereby generating 
a primary modulated I 0h-phase) signal and a pri- 
mary modulated Q (Quadrature) signal; 

spreading code generating means for generating a 
spreading code which corresponds to a channd, and 
has a frequency higher than a rate of said transmis- 
sion information; 

a secondary-mo(hilator for performing spread modula- 
tion of said primiary modulated I signal and said 
primary modulated Q signal using said spreading 
code, thereby outputting spread I-channel data and 
spread Q-channd data; 

a frequency offset circuit for offsetting a center fre- 
quency of said spread I-cfaannd d^ and of said 
spread Q channel data by a designated offset 
frequracy, thereby ouQ>utting frequency offset data; 
and 

a transmitting circuit for converting said frequency 

offset data into a transmitted signal, 
said code division multiple access recdvcr oonq)rising: 
a first frequency converter for frequency-converting a 

received sigxial into an IF (Intermediate Frequency) 

signal; 
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a quadrature deteaor foe converting said IF signal into 
an I-dianncl baseband signal and a Q-channel base^ 
band signal; 

A/D converters for convciting said I-channd baseband 
signal and said Q^annel baseband signal into digi- . 5 
tal signals; 

a second frequency converter for converting an 
I-dianncl digital signal and a Q-diannel digital sig- 
nal ou^tted from said A/D converters into signals 
with a zero center frequency using a local signal of 
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a designated offset frequency, a center frequency of 
said I-channel digital signal and of said Q-channd 
digital signal otitputtod from sdd A/D converters 
being offset; 

a correlation detector for correlation-detecting ou^ut 
signals of said second frequency converter; and 

a demodulator for demodulating output signals of said 
correlation detector. 

***** 
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